Gaze control during interceptive actions with different spatiotemporal demands by Navia, José et al.
 1 
Running head: TEMPORAL CONTROL OF GAZE 
 
Gaze Control During Interceptive Actions With Different Spatiotemporal 
Demands 
 
José A. Navia 
Faculty of Physical Activity and Sport Sciences, Technical University of Madrid, Spain 
Matt Dicks 
Department of Sport and Exercise Science, University of Portsmouth, United Kingdom 
John van der Kamp 
MOVE Research Institute, Faculty of Behavioural and Movement Sciences, Vrije Universiteit 
Amsterdam, The Netherlands 
Institute of Human Performance, University of Hong Kong, Hong Kong SAR 
Luis M. Ruiz 
Faculty of Physical Activity and Sport Sciences, Technical University of Madrid, Spain 
 
This research was supported by a grant from the Spanish Ministry of Education (AP2008-01315) awarded 
to the first author. 
Correspondence concerning this article should be addressed to Jose A Navia, Faculty of Physical Activity 
and Sport Sciences - INEF, Technic University of Madrid, 28040 Madrid, Spain or to 
joseantonio.navia@upm.es 
 
Accepted for Publication on 24
th
 October 2016 in Journal of Experimental 
Psychology: Human Perception and Performance  






It is widely accepted that the sources of information used to guide interceptive actions 
depend on conflicting spatiotemporal task demands. However, there is a paucity of 
evidence that shows how information pick-up during interceptive actions is adapted to 
such conflicting constraints. The present study therefore examined the effects of 
systematic manipulations of spatiotemporal constraints on performance, timing and 
gaze in an in situ interceptive action. To this end, expert futsal goalkeepers faced 
penalty kicks taken from 10 m and 6 m. With the more lenient spatiotemporal 
constraints (i.e., kicks from 10 m), the goalkeepers saved more kicks, initiated their 
actions later, and looked longer towards ball relative to the penalty takers’ body. 
Furthermore, analysis of gaze patterns showed that inter-individual variations in 
information pick-up were related to the unfolding of the penalty taker’s action, 
revealing a less variable, funnel-like gaze pattern toward the end of the action. These 
findings are interpreted to reflect that changes in spatiotemporal demands induce the 
differential use of information for the accurate control of interceptive actions. 
 
Statement of the Public Significance 
When facing penalty kicks, expert goalkeepers can ensure that they dive to the correct 
goal location if they wait until ball-flight. However, in doing so, goalkeepers are likely 
to move too late for ball interception. Alternatively, goalkeepers can move early and 
anticipate based on the actions of the penalty taker. We examined how elite futsal 
goalkeepers adapt to these conflicting spatiotemporal demands by examining their 
attempts to save penalty kicks taken from 10 m and 6 m. Goalkeepers prioritized 
moving early to arrive in sufficient time to intercept the ball, although such action 
coincided with a decrease in anticipation accuracy during 6 m compared to 10 m kicks. 
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These findings are important for the study of perception and action during social 
coordination (as exemplified by two opponents in sport situations) as the use of video or 
VR-technologies in research fail to safeguard the temporal nature of real-time 
interactions.  
 





Skilful behavior across a multitude of daily events is evidenced by the ability of 
humans to accurately control their actions relative to complex environmental demands. 
As such, in the experimental psychology literature, there has been a long-established 
focus on examining the processes underpinning the control of perception and action 
within natural contexts that have conflicting spatiotemporal demands (Fajen, 2005; 
Faisal & Wolpert, 2009). Historically, understanding on the limits of skillful human 
behaviors have broadly been enriched by both observations (e.g., Bartlett, 1932) and, 
more recently, through the systematic study of expert sport performers (e.g., Land & 
McLeod, 2000; Yarrow, Brown, & Krakauer, 2009). Indeed, there has been a call for 
renewed emphasis on the importance of studying elite sport performers in order to 
develop current understanding about the complex processes underlying human behavior 
(Walsh, 2014). With this in mind, the current study aims to systematically measure gaze 
and movement behaviors of elite athletes (futsal goalkeepers) in order to further 
understand how perception and action are adapted to naturally occurring changes in 
complex and contradictory spatiotemporal demands.   
Research indicates that the sources of information exploited during interceptive 
actions vary relative to the constraints arising from the interrelation between an athlete’s 
action capabilities and the spatiotemporal demands of the situation (e.g., Dicks, Davids 
& Button, 2010c; Triolet, Benguigui, Le Runigo & Williams, 2013). For example, 
Triolet et al. (2013) reported that the accuracy of world-class tennis players’ 
performance was dependent on spatiotemporal demands. Players consistently moved to 
the correct interception point during less-demanding situations (e.g., baseline rallies). In 
contrast, under high-demanding instances (e.g., passing shots), players moved early but 
to the incorrect interception point, including the wrong side of the court. These 
observations suggest that more lenient spatiotemporal constraints allowed players to 
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wait longer and move after the opponent contacted the ball and therefore exploit reliable 
ball-flight information. In contrast, under more pressured time constraints, players had 
to move well before the opponent contacted the ball, meaning that actions were guided 
by less reliable information from the opponent’s body movements (e.g., Huys, Smeeton, 
Hodges, Beek & Williams, 2008) or from the situation at large (often denoted as 
situational probabilities or situational information; cf. Abernethy, Gil, Parks & Packer, 
2001; cf. Navia, van der Kamp, & Ruiz, 2013).  
There is a paucity of research that has systematically manipulated the time and 
space demands of naturally occurring sport situations to assess how this affects the 
perception and action processes of elite athletes (but see Brenner, Driesen & Smeets, 
2014; Faisal & Wolpert, 2009). Concomitantly, there is a lack of research that has 
examined whether and how information pick-up and gaze control are adapted to 
different spatiotemporal demands. Panchuk and Vickers (2006) examined the behaviors 
of ice hockey goaltenders when they attempted to save shots from 5 and 10 m. Despite 
changes in time constraints between the two conditions, the goaltenders’ performances 
and gaze behaviors did not vary as a function of distance. Given the small dimensions 
of the space (goal) defended by elite ice hockey goaltenders, it is plausible that there is 
less demand to anticipate the direction of the puck. Hence, the current study sets out to 
further explore how elite athletes adapt information pick-up and gaze control to 
different spatiotemporal demands. Specifically, this study examines how expert 
(professional) goalkeepers attempt to block futsal (i.e., indoor soccer) penalty kicks 
taken from different distances. 
During interception tasks, human behavior is primarily constrained by time (i.e., 
onset of one’s own action and movement duration) and space (i.e., distance to the 
interception point; Battaglia & Schrater, 2007). During interpersonal interactions in 
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fast-ball sport situations, specifically, the speed and trajectory of the target object are 
determined by the opponent’s actions and the subsequent field dimensions that the 
athlete must cover to intercept the object (e.g., see Vilar, Araújo, Davids, Correia, & 
Esteves, 2012). For example, in the case of the soccer penalty, in order to stop a kick 
directed to one of the corners of the goal from a distance of 11 m, goalkeepers are 
required to move laterally (from the center of the goal, 7.32 m wide), covering a 
distance of approximately 3.66 m. This lateral movement (dive) can take between 700 – 
1100 ms (Dicks et al., 2010c). Following the penalty taker’s foot-ball contact, the ball 
can reach the goal between 350 – 600 ms (Morya, Bigatao, Lees, & Ranvaud, 2005; 
Nuñez, Oña, Bilbao & Raya, 2005, Dicks et al., 2010c). Waiting to initiate the action 
until the ball is in flight typically leaves the goalkeeper with insufficient time to 
intercept. Thus, it is necessary for a goalkeeper to adapt the timing of actions in order to 
ensure that time-to-interception does not exceed her or his maximal action capabilities 
(see Fajen, 2007). Such regulation of interceptive actions resonates with Fajen’s (2005) 
model of affordance-based control, whereby he proposed that a performer’s own 
capabilities place an action boundary on the control of subsequent actions.  
The situation described above places the goalkeeper at a disadvantage relative to 
the penalty taker. In essence, the difficulty for the goalkeeper is one of weighing space 
against time. Confronted with these conflicting spatiotemporal demands, a goalkeeper 
can wait until the ball is kicked – and thus increase the likelihood of diving to the 
correct side – however such action is typically too late for ball interception. Conversely, 
the goalkeeper can dive early, before the ball is kicked. Yet, prioritizing time can lead to 
inaccurate anticipation of which side of the goal the ball will travel towards. In order to 
adapt to conflicting spatiotemporal demands, literature has therefore focused on 
examining whether expert athletes are able to anticipate the actions of others via 
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attunement to biological motion information (Diaz Fajen & Phillips, 2012; Yarrow et 
al., 2009).    
Due to biomechanical constraints, research shows that the closer the penalty taker 
is to ball-contact, the smaller the variance in the kinematics of the kicking action (Diaz 
et al., 2012; Lopes, Jacobs, Travieso & Araújo, 2014). This means that the information 
for anticipation of kick direction from the penalty taker’s action increases in reliability 
over the duration of the run-up and the kick. For instance, the angle of approach is less 
reliable (i.e., there is only a correlation of 0.5 with ball direction) than the final 
orientation of the non-kicking foot at the end of the approach (i.e., a correlation of 0.85: 
Lees & Owens, 2011). Indeed, analyses indicate that kinematics do not become fully 
predictive of shot direction until the ball is kicked (Diaz, et al., 2012; Lopes, et al., 
2014). In other words, the earlier the goalkeeper dives to ensure reaching the ball in 
time, the less reliable the available information is, with respect to ball direction. This is 
exacerbated when penalty takers use deception (e.g., Smeeton & Williams, 2012), 
because penalty takers are more capable of varying their movements in the early parts 
of the run-up compared to closer to foot-ball contact (Lopes et al., 2014). For instance, 
Dicks, Button and Davids (2010a, Figure 2) reported that the effect of deception was 
greater – goalkeeper performance decreased – when goalkeepers anticipate penalty kick 
direction on the basis of earlier run-up information (e.g., angle of approach). In contrast, 
the effect of deception decreased and anticipation accuracy increased when goalkeepers 
appeared to base their actions on the kinematic information that unfolded in the final 
250 ms before foot-ball contact. 
Researchers have assessed gaze patterns as a means to gain understanding on 
information pick-up during interceptive actions (e.g., Mann, Williams, Ward & Janelle, 
2007). For example, Savelsbergh and colleagues reported that expert goalkeepers 
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fixated towards the non-kicking leg of the penalty takers while responding to recorded 
video clips by simulating their dive by means of joystick movements (Savelsbergh, van 
der Kamp, Williams & Ward, 2005; Savelsbergh, Williams, van der Kamp & Ward, 
2002). However, a concern highlighted across different domains of biological motion 
perception (e.g., Lappi, 2016) and social attention research (e.g., Schilbach et al., 2013) 
is that video-based experimental designs do not allow researchers to truly capture, 
interactive real-time encounters. That is, many studies have implicitly assumed that 
information pick-up and gaze control are independent of the actions produced. As a 
consequence, there is a real need to examine the processes that underpin real-time 
interpersonal interactions as per natural sport situations (van der Kamp, Rivas, van 
Doorn, Savelsbergh, 2008; van der Kamp & Renshaw, 2015). 
In an in situ study of soccer goalkeeping, Dicks, Button and Davids (2010b) found 
that experienced goalkeepers, who were actually trying to intercept a penalty kick, 
fixated the opponent’s body in the early parts of the run-up before shifting towards the 
ball in the latter part of the approach. In fact, the ratio of the time spent attending to the 
body relative to the ball was 0.49 (see Dicks et al, 2010b, p. 715, Fig. 6, ISI-condition). 
The goalkeepers looked as much to the body as they did to the ball. In a similar study, 
Piras and Vickers (2011) compared goalkeepers’ gaze patterns when facing penalty 
kicks executed with either the inside (lower ball velocity) or instep (higher ball velocity) 
of the foot. The ratios of viewing time toward the body and ball were 0.49 and 0.54, 
respectively (see Piras & Vickers, 2011, p. 250, Table 2). Goalkeepers appeared to look 
longer at the body relative to the ball under the more demanding spatiotemporal 
constraints (i.e., shorter ball fight times) of the instep drive. It is noticeable that the ball 
flight times for kicks with the inside of the foot (but not the instep) were similar to the 
flight times reported in the Dicks et al. (2010b) study and resulted in the same body/ball 
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gaze ratio. Most importantly, these findings suggest that gaze (and presumably 
information use) may be tightly adapted to the task’s spatiotemporal demands.  
In sum, the pick-up of information in the guidance of interceptive actions in 
fastball sports appears to be contingent upon the spatiotemporal demands of the 
situation (e.g., Dicks et al., 2010c; Triolet et al., 2013). Further to existing interceptive 
action research, in the current study, we systematically manipulated time constraints 
and captured gaze control in one single experiment. We directly manipulated the 
spatiotemporal demands in a penalty kick situation by comparing goalkeeper 
performance in response to deception and non-deception futsal penalties executed from 
6 and 10 m. We hypothesized that, in comparison with kicks from 6 m, when 
confronted with the less temporally demanding penalty kicks from 10 m, goalkeepers 
would: a) spend more time attending to the ball relative to the body (cf. Panchuk & 
Vickers, 2006); b) wait longer before initiating their movement to intercept the ball 
(Triolet al., 2013); c) move more often to the side the ball is kicked (Dicks et al., 
2010c); and d) be less susceptible to deceptive movements of the penalty taker (Dicks et 




Twelve expert futsal goalkeepers (age: M = 23.4 years, SD = 5.1) volunteered to 
participate. Participants were professional goalkeepers (playing experience: M = 16.1 
years, SD = 4.8), playing in either the First, Second or Second B division of the Spanish 
National Futsal League (professional experience: M = 6.1 years, SD = 5.1). In addition, 
nine professional players, who were matched to the goalkeepers in age (M = 24.2 years, 
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SD =), playing (M = 15.6 years, SD = 3.7) and professional experience (M = 4.9, years 
SD = 3.3), were recruited to execute the penalty kicks. Before testing, all players 
provided written consent, and ethical approval was obtained from the local University’s 
ethics committee.   
Apparatus 
All penalty kicks were executed in an indoor sports hall. Field lines, goal (3 x 2 
m; note that this is approximately half the size of an 11 vs. 11 soccer goal), and ball 
were in accordance with FIFA laws (IFAB, 2012). The actions of the goalkeepers were 
recorded using a high-speed camera (Casio Exilim FH100, 120 fps), which was placed 1 
m behind and 0.5 m off-center of the ball. This camera location also captured the point 
of penalty taker foot-ball contact. A second camera (Casio Exilim F1, 30 fps) was 
placed 3 m to the side of the goalmouth to record the penalty takers’ actions (e.g., 
deception strategy, see below).  
The goalkeepers’ gaze patterns were recorded using a Mobile Eye tracking system 
(ASL Mobile Eye
TM
, Bedford, MA). This monocular head-mounted eye tracker 
monitors the location within the visual field at which the participant is looking (i.e., 
point of gaze, POG) with an accuracy of ± 1° and a precision of ± 0.5°, via two cameras 
mounted on the glasses that record the eye and the scene simultaneously. For each 
participant, the Mobile Eye was calibrated relative to 18 locations placed to different 
distances (5 points on a video screen at 0.5 m, 9 points on a grid at 1.5 m, and 4 field 
locations at 10 m) in order to avoid parallax effect impeding the calibration accuracy. 
Following calibration, POG was recorded using a mobile video recorder unit (DVCR, 
Sony GV-D1000E), which was worn around the goalkeeper’s waist in a modified 
padded tight-fitting bag. The system was checked regularly after every four kicks and 
when necessary recalibrated during testing. Furthermore, participants were asked to 
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look towards specific task-related locations at the beginning of each trial to check 
calibration accuracy, and to allow an eventual offline re-calibration of the recordings if 
any drift had occurred during the trials between calibration verifications (see Dicks et 
al., 2010b). As in previous research, participants wore a clear shock resistant facemask 
with a wide aperture in the field of vision in order to protect the Mobile Eye from the 
ball (Navia et al., 2013). Although there is potential risk that wearing the Mobile Eye 
and facemask could negatively impact upon performance, no goalkeepers indicated this 
to be the case. Following data collection, EyeVision software was used to capture the 
DVCR gaze recordings for further frame-by-frame analysis (QuickTime Player 7). 
Procedure and design 
Data collection was carried out at the club’s training venue for each goalkeeper. 
After a 10 minutes self selected warm up, and calibration of the eye tracker, the 
participants performed four familiarization trials. Then, each goalkeeper faced forty-
eight penalty kicks. Goalkeepers were instructed to try to save as many kicks as 
possible. Participants rested after every fourth kick, during which the calibration of the 
MobileEye was checked. 
There were four experimental conditions: (i) 6 m non-deception; (ii) 6 m 
deception; (iii) 10 m non-deception; and (iv) 10 m deception. Each condition consisted 
of 12 trials. Futsal laws dictate that penalties are taken from either 6 m (regular penalty) 
or 10 m (i.e., second penalty
1
). Although rules permit goalkeepers to step forward up to 
5 m from the goal line during 10 m kicks, in the current experiment, the goalkeepers 
were instructed to remain on the goal line. The kicking distance conditions were 
                                                     
1
 Second penalties, which are similar to penalty kicks with the exception that they are taken from 
10 m instead of 6 m, are conceded every time that the opposing team commits six or more accumulated 
fouls during a half time (IFAB, 2006, pp. 44-46) 
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blocked and counterbalanced. For the deception strategy, the penalty takers were 
instructed to execute the kicks as though they were intending to kick and aim (i.e., look) 
to the opposite side of the goal that they would actually shoot (Dicks et al., 2010a). 
Penalty takers also reported to use other deception strategies (e.g., varying angle of 
hips; Lopes et al., 2014) during professional matches, so they were encouraged to use 
their usual deception routine. Deceptive and non-deceptive trials were randomly ordered 
within each distance block. Penalty takers were advised before each trial about the 
deception/non-deception strategy and the side to aim towards, that is, they were to use a 
goalkeeper-independent strategy and were not allowed to adjust the side based on the 
goalkeepers’ actions (Noël, van der Kamp & Memmert, 2015; van der Kamp, 2006). 
The number of the kicks directed towards both sides was balanced within conditions 
(i.e., 50% to right and 50% to the left) and randomly ordered. No extra instructions were 
provided regarding the height of the kick and also not with respect to the length of the 
run-up. Kicks that deviated from the intended goal side or missed the goal were re-taken 
at the end of the block.   
Data analysis 
Kick descriptives 
Ball flight time was computed from high-speed recordings, and was defined as the 
time between foot-ball contact and the moment the ball crossed the goal line (or 
interception). The location at which the ball entered the goalmouth (or was intercepted) 
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was determined using Kinovea software (V.0.8.15), and defined as the vertical (cm) and 




Performance of the goalkeepers was assessed offline from the high-speed video 
recordings (120 fps) using Kinovea software. Only 3 trials out of 576 were lost due to 
technical failure. Favorable to previous research (e.g., Dicks et al., 2010b), a second 
external researcher re-coded 30 randomly selected trials, obtaining an inter-observer 
reliability of r = .93 for trunk and r = .83 arm onset. Three performance measures were 
defined: a) percentage of saves, b) percentage of final dives to the same side as the ball, 
and c) the percentage of movement corrections (i.e., the dive was initially made towards 
one side, and then, corrected with a final dive towards the opposite side). In addition, 
the timing of the dive was calculated using two measures: i) trunk onset was defined as 
the first observable movement of the goalkeepers’ trunk towards either side; and ii) arm 
onset was defined as the first observable movement of the hand actually directed 
towards the ball. The trunk and arm onset times were defined relative to the moment of 
foot-ball contact, with negative values denoting initiation before ball-contact.  
Gaze measures 
Goalkeepers’ gaze patterns were analyzed frame by frame from the gaze 
recordings (22.33 Hz
3
). After dismissing five trials due to technical failure, 99.5% of the 
                                                     
2
 As described, the camera was placed 0.5 m off-center from the penalty spot, resulting in a 
slightly trapezoid image of the goalmouth. Therefore, a custom-made algorithm was used to correct that 
optical distortion and calculate the actual values of ball height irrespective of ball side. 
3
 This sample frequency was derived from a chronometric analysis of the gaze recording. For that 
purpose, goalkeeper recordings (120 Hz) and a supplementary chronometer were synchronized to 
determine the actual sample frequency of the gaze recordings.  
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sample was analyzed. The reliability between coders relative to 30 randomly selected 
trials (1149 frames re-coded) was r = .82 for gaze data. The analysis of the gaze 
behavior comprised of the moment that the penalty taker’s started the run-up (M = -
1520 ms, SD = 18 ms) up to initial part of ball flight (135 ms, after foot ball contact) 
(Dicks et al., 2010b). The run-up was divided into two temporal phases of the same 
duration (Figure 4). The first phase included the beginning of the run-up and penalty 
takers’ first steps (i.e., from -1520 to -690 ms), while the second phase included the last 
placement of the kicking leg on the ground, the last placement of the non-kicking leg, 
the kicking action, and initial portion of ball flight (i.e., from -690 to 135 ms). Each 
frame of the gaze recordings was manually coded relative to twelve areas (see Figure 
1): (a) the penalty taker’s head; (b) the trunk region; (c) the hip region; (d) both feet; (e) 
space between ball and player (i.e., anticipated or future body location); (f) the kicking 
leg; (g) the non-kicking leg; (h) space between ball and non-kicking leg; (i) stationary 
ball; (j) space between ball and goalkeeper (anticipated or future ball location); (k) ball 
in flight; and (l) other (see Dicks et al., 2010b; Savelsbergh et al., 2002). Finally, to 
reduce the high dimensionality of gaze patterns, we calculated a ratio that represented 
the proportion of time spent gazing at the penalty taker’s body relative to time spent 




Insert Figure 1 About Here 
 
                                                     
4
 Head, trunk, hips, feet, kicking leg, non-kicking leg and space between ball and player 
(anticipated future body location) were grouped into body, whereas ball, ball in flight, space between ball 
and non-kicking leg (with more tendency towards the ball location) and space between ball and 
goalkeeper and were categorized as the ball.  
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Statistics 
 After using Shaphiro-Wilk test (95% CI) to verify that the data were normally 
distributed (Field, 2009), we submitted the kick descriptives and the performance 
measures to a series of separate 2 (distance: 6 m, 10 m) by 2 (strategy: deception, non-
deception) analysis of variance with repeated measures on both factors (i.e., RM-
ANOVA). For gaze measures, run-up phase (first phase, second phase) was added as an 
additional repeated measures factor. Mauchly’s test was used to assess any violations 
for sphericity. Effect size of the RM-ANOVAs were expressed using partial eta-squared 
(ηp
2
), with values of 0.01, 0.06, and 0.14 representing small, medium, and large effects 
respectively (Cohen, 1988). For dependent variables that were not normally distributed, 
Friedman ANOVA’s were conducted, and main effects were assessed using Friedman 
multiple pairwise comparisons (LSD) as a post hoc test. Effect sizes were expressed in 
d, with 0.2, 0.5, and 0.8 values of d for small, medium and large effects respectively 




Ball flight times were approximately 100 ms longer for 10 m penalties compared 
to 6 m penalties, F(1,11) = 339.33, p < .001, ηp
2 
= .97 (Table 1). Furthermore, non-
deception penalties had a shorter flight time than deception penalties, as revealed by a 
main effect of strategy F(1,11) = 5.32, p = .042,  ηp
2 
= .33. On average, for the four 
conditions, the ball landed around 100 cm horizontal to the goal’s center (Figure 2). 
There were no main effects of distance or strategy on horizontal placement, but the two 
factors did significantly interact, F(1,11) = 6.07, p = .031, ηp
2 
= .36. Post hoc analysis 
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indicated that during the 6 m penalties, the ball finished further from the vertical 
midline of the goal when the kickers used a non-deception strategy in comparison with 
deception strategy. Finally, penalty takers placed kicks significantly higher in the non-
deception strategy condition compared to deception condition, F(1,11) = 6.62, p = .026, 
ηp
2 
= .37. No further effects for vertical extent were found. 
 
Insert Figure 2 About Here 
 
Performance measures 
 Figure 3 depicts the participants’ performance. Friedman test revealed that the 
percentage of saves significantly differed across conditions, 2(3) = 26.40, p < .001 
(Figure 3a). Post hoc comparisons indicated that goalkeepers saved less 6 m than 10 m 
penalties (6 m non-deception vs 10 m non-deception conditions, T = -2.04, p = .001, d = 
2.33; 6 m non-deception vs 10 m deception, T = -1.92, p = .002, d = 2.29; 6 m deception 
vs 10 m non-deception, T = -1.83, p = .003, d = 2.29; and 6 m deception vs 10 m 
deception, T = -1.71, p = .007, d = 2.25). There were no significant differences related 
to deception effect in the number of saves within both 6 and 10 m distances. 
 
Insert Figure 3 Around Here 
 
 In line with the percentages of saves, the percentage of dives to the correct side 
of the goal differed across conditions, 2 (3) = 30.39, p < .001. Dives to the correct side 
occurred less frequently when facing 6 m penalties in comparison with 10 m kicks (6 m 
non-deception vs 10 m non-deception conditions, T = -2.21, p < .001, d = 3.36; 6 m 
 18 
non-deception vs 10 m deception, T = -1.96, p = .001, d = 3.16; 6 m deception vs 10 m 
non-deception, T= -2.04, p = .001, d = 3.40; and 6 m deception vs 10 m deception, -
1.79, p = .004, d = 3.20). No further differences were found. 
 Finally, the percentage of movement corrections also significantly differed 
across conditions, 2 (3) = 23.42, p < .001 (Figure 3c). Post hoc test revealed that 
goalkeepers corrected more frequently during 10 m deception condition trials than 
during both 6 non-deception (T = 1.75, p = .005, d = 2.10) and 6 m deception kicks (T = 
1.87, p = .002, d = 2.25). Further post hoc effects were not found.  
The goalkeepers adjusted the timing of their dive to the penalty distance but not to 
deception strategy (Table 1), with the dive being initiated earlier during 6 m penalties 
(i.e., on average, before ball contact) in comparison with 10 m penalties (i.e., on 
average, after ball contact). Accordingly, RM-ANOVAs confirmed significant effects of 
distance on trunk onset, F(1,11) = 211.02, p < .001, ηp
2 
= 95, and arm onset, F(1,11) = 
29.85, p < .001, ηp
2 
= 73. No further main or interaction effects were revealed. 
 
Insert Table 1 Around Here 
 
Gaze measures 
In addition to distance (6 vs 10 m) and strategy (non-deception vs deception) 
conditions, gaze variables were further divided into two temporal phases: the first phase 
encompassed the beginning of the penalty takers’ run-up and first steps; and the second 
phase included the last steps before kicking, kicking action and first moments of ball 
flight (see Figure 4). In order to compare the current findings with previous work, we 
performed an initial descriptive analysis of the areas of gaze behaviors. As can be seen 
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in Table 2, this revealed large variation between individual goalkeepers. Systematic 
differences of viewing time per areas across conditions were not found, with the 
exception that goalkeepers showed longer viewing time towards the penalty takers’ 
head during the first phase of the trials compared to the second phase. Subsequently, 
gaze data locations were grouped intro either body or ball in order to enable the 
calculation of a body/ball gaze ratio variable (see method section).   
 
Insert Table 2 Around Here 
 
Despite the inter-individual variability in gaze patterns, three consistent features 
emerged. First, the majority of participants (ten out of twelve) adopted a gaze pattern 
during which they first fixated the kicker’s body and then the ball (Figure 4a). The RM-
ANOVA revealed a significant effect of phase on body/ball gaze ratio, F(1,11) = 31.85, 
p < .001, ηp
2 
= .74, confirming a larger body/ball gaze ratio during the first phase of the 
run-up in comparison with the second phase (Figure 4a). That is, more time was spent 
looking at the penalty taker in the first phase of each trial, whereas more time was spent 
looking at the ball in the second phase.  
 
Insert Figure 4 Around Here 
 
Second, irrespective of condition, there was a higher variability in goalkeepers’ 
body/ball gaze ratio for the first phase compared to the second phase, both between and 
within participants. The mean standard deviation of the first phase for the four 
conditions (inter-participants’ variability) was larger than for the second phase, t(3) = 
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9.55, p = .002 (Figure 4b). That is, in the first phase, there was a great deal of variation 
between goalkeepers in the utilized gaze patterns. Moreover, around 250 ms before 
contact, the mean value of body/ball gaze ratio was close to zero (Figure 4a) and the 
variability among participants was minimal (Figure 4b). In other words, interpretation 
of Figure 4 indicates that all the goalkeepers directed their gaze towards the ball and the 
gap between ball and non-kicking leg at the time between the kickers’ last placement of 
the kicking leg and the placement of the non-kicking foot before foot-ball contact. 
Furthermore, goalkeepers showed a greater intra-individual variability between body 
and ball locations (variations of body/ball gaze ratio values across 12 trials) during the 
first phase of the run-up compared to the second phase, as RM-ANOVA confirmed a 
main effect of phase on standard deviation of body/ball gaze ratio, F(1,11) = 13.55, p = 
.004, ηp
2 
= .55. No further effects of distance, F(1,11) = 0.86, p = .373, ηp
2 
= .07, 
strategy, F(1,11) = 0.01, p = .932, ηp
2 
= .01, or interactions among factors were found 
for standard deviation of the body/ball gaze ratio.  
Finally, as depicted in Figure 4a, during 6 m kicks goalkeepers looked more 
towards the body and less to the ball than during 10 m kicks (in 10 m penalties they 
spent more time looking to the ball after the onset of the run-up), as confirmed by the 
RM-ANOVA’s main effect for distance F(1,11) = 9.83, p = .009, ηp
2 
= .47. Deception 
strategy condition did not show any effect on body/ball gaze ratio values, F(1,11) = 
0.06 p = .805, ηp
2 




In the present study we examined gaze patterns, accuracy, and timing of expert 
futsal goalkeepers’ movements while attempting to save deception and non-deception 
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penalty kicks in situ. Crucially, this study aimed to reveal how an expert population 
controlled their gaze (and thus information pick-up) relative to changes in conflicting 
spatiotemporal demands of the interceptive task. Results revealed that performance and 
gaze patterns were highly influenced by changes in the spatiotemporal constraints of the 
task (distance condition), but not by the deceptive intention of the penalty takers 
(strategy condition). These main findings will now be considered at length in the 
remainder of the discussion. 
Performance 
Goalkeepers saved more kicks, started their saving action later, and spent more 
time fixating the ball during 10 m penalties than during 6 m kicks. Previous research 
(e.g., Diaz et al., 2012) has revealed that early kinematic information from the penalty 
taker’s actions prior to foot-ball contact is unlikely to support the accurate control of 
anticipation due to variability in the penalty takers’ actions, which supports the use of 
deception (Lopes et al., 2014). In the present study, during 6 m kicks, goalkeepers 
appeared to prioritize arriving at the anticipated kick location with sufficient time to 
intercept the ball, and in doing so, exploited less reliable, non-specifying kinematic 
variables (i.e., spent more time looking at the penalty taker) in order to anticipate kick 
direction. This perceptual-motor behavior resulted in comparatively less accurate 
anticipation of kick direction for 6 m kicks in comparison with 10 m. During 10 m 
kicks, spatiotemporal constraints meant that goalkeepers moved later, meaning that they 
could exploit more reliable kinematic information arising from the final moments of the 
penalty taker’s action (i.e., kicking action and first moments of ball flight) that 
supported both the accurate timing and direction of behavior (Triolet et al, 2013). 
Temporal analysis of the goalkeepers’ performance offers new insights into 
current understanding on interceptive actions relative to the model of affordance-based 
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control (Fajen 2005, 2007). Previous work has indicated that a performer’s action 
capabilities place an action boundary of the timing of actions, whereby movements 
remain within a ‘safe’ region to ensure that actions remain achievable (Fajen & 
Devaney, 2006). In the current study, during 10 m kicks, goalkeepers potentially acted 
outside of a safe action boundary (see also Dicks et al., 2010c), showing an apparent 
inaccuracy in the scaling of actions (Fajen, 2005). On average, the ball flight time 
during 6 m kicks was 288 ms and goalkeepers started their saving action 133 ms before 
contact, which leaves a temporal margin of 421 ms for goalkeepers to complete their 
diving action and intercept the ball. During 10 m kicks, the average ball flight time was 
394 ms, whereas goalkeepers started their saving action 205 ms after foot-ball contact, 
which meant that goalkeepers had a temporal margin of only 188 ms. Bearing in mind 
that the space to cover (dimensions of the goalmouth) and the action capabilities 
(goalkeeper agility) did not vary across distance conditions, one may have expected to 
observe that goalkeepers would leave an equivalent amount of time for control of the 
interceptive action for both 6 m and 10 m kicks. However, results indicate that the 
control strategy of the goalkeepers changed between the two conditions (see also, 
Triolet et al., 2013). Following Faisal and Wolpert’s (2009) ‘optimal’ stopping model, 
the shift in strategy can be understood as the goalkeepers placing increased emphasis on 
online or prospective control in the presence of more reliable information (10 m 
condition), while relying more upon a predictive control in the face of less reliable 
information (6 m condition; see also Panchuk & Vickers, 2009). Hence, the temporal 
calibration of action capabilities across the changing spatiotemporal demands was not 
evenly scaled, but appeared to be dependent upon the trade-off between availability of 
reliable visual information and motor accuracy (Battaglia & Schrater, 2007). 
Gaze behavior 
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The analysis of gaze control strategies revealed that, irrespective of distance and 
strategy conditions, participants differed in the gaze locations that they attended to 
during the first phase of the penalty takers’ run-up. These individual differences in gaze 
patterns did not have any bearing on performance, which appears to reinforce the 
observation that attention to early information from the penalty taker’s approach does 
not differentiate success in the control of saving actions (Diaz et al., 2012). These 
results therefore appear to be somewhat contradictory of the perspective adopted in 
previous anticipation gaze behavior studies, whereby it is purported that accurate visual 
control is predicated on the adoption of a consistent and repeatable “search strategy” 
that is replicated from one trial to the next (e.g., Abernethy, Schorer, Jackson & 
Hagemann, 2012; Savelsbergh et al., 2005). However, in both 6 m and 10 m kicks, the 
variation in gaze patterns decreased during the later moments of the run-up. 
Participants, with no exception, looked at the ball (or gap between the ball and the non-
kicking leg) during the final moments of the penalty takers’ run-up (around 250 ms 
before contact). Note that this approximate time-frame before foot-ball contact 
corresponds with the availability of the most reliable sources of kinematic information 
for accurate anticipation of kick direction (Diaz et al., 2012; Lopes et al., 2014). This 
gaze finding therefore suggests that looking in the right time(s) at the right place(s) 
may, in fact, be most critical for successful performance during the control of 
interceptive actions (e.g., Mann, Spratford & Abernethy, 2013).  
An important question relative to the findings highlighted above is whether gaze 
behaviors during real-time interceptive actions are an indication of information pick-up 
used to control the timing (when to move) or the direction (where to move) of actions. 
For example, it is possible that the highly consistent gaze orientation to the ball location 
(object to be intercepted) during the moments before foot-ball contact may reflect the 
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pick-up of information for the temporal control of the saving action. Around 250 ms 
before contact, gaze may inform goalkeepers about the time to contact between the 
penalty taker and the ball, rather than information about the anticipated direction of the 
kick. Thereafter, information that unfolded around and following contact (kicking 
action and ball flight) may primarily support the spatial control of the interceptive 
action. During 10 m penalties, goalkeepers tended to track the ball trajectory via a 
smooth pursuit gaze pattern. During 6 m kicks, in line with previous studies (Land & 
McLeod, 2000; Mann et al., 2013; Ripoll & Fleurance, 1988), goalkeepers situated their 
gaze towards the future predicted trajectory of the oncoming ball just at the moment of 
foot-ball contact; located either on the floor (in kicks when the goalkeeper dived in the 
wrong direction) or on the ball in flight (in kicks when the goalkeeper dived in the 
correct direction). This change in the orientation of attention (cf. Posner, 1980) or 
predictive gaze (Land & McLeod, 2000), consisting of a saccadic movement towards a 
future location, would likely support the subsequent prospective control of the 
interceptive action, that is, the final spatial adjustments (i.e., arms to contact the ball) of 
the saving action (Montagne, 2005).  
In sum, it is plausible that the gaze patterns utilized by expert goalkeepers in the 
current study provided optical information for both the temporal control of the saving 
action (i.e., time to contact) before contact, and spatial adjustments to the oncoming ball 
at the moment of foot-ball contact and after. These important findings call into question 
the primary role of gaze control during anticipation tasks, where there has been previous 
assumption that gaze is used to guide the spatial prediction of kick direction (e.g., Dicks 
et al., 2010b; Savelsbergh et al., 2002). To this end, a primary aim for studies of visual 
anticipation has tended to focus on the information that is exploited during judgment 
tasks, rather than the control of perception-action (van der Kamp et al., 2008). Given 
 25 
that previous work has revealed distinct differences in gaze control during judgment and 
reciprocal perception-action tasks (Dicks et al., 2010b), the present findings further 
suggest that anticipation skill is not only predicated on where to move but also when to 
move. During anticipation tasks, gaze appears to support the timing and direction of 
actions, both of which are highly interrelated.  
Video-based judgment tasks remove the timing demand of anticipation as there is 
no interceptive action and therefore, a fundamental concern across extant studies is that 
the processes underpinning anticipation skill may have been misunderstood until now. 
In fact, the same concern has been raised for research in the wider field of social 
coordination, where worries for the fidelity of visual displays have obfuscated attention 
to time demands in natural environments (Schilbach et al, 2013). Hence, the current 
findings reflect gaze behaviors in the framework of emotional and perceptual 
engagement within a dynamic interaction between two individuals. Recently, Lappi 
(2016) highlighted some differences in gaze patterns between lab experiments and 
naturalistic tasks, calling for the consideration of new techniques when analyzing gaze 
behavior in complex real-world scenarios. The new layer of understanding on the 
control of interceptive actions offered by the present study is underpinned by the 
introduction of a new method for capturing the variability in gaze patterns across 
different temporal windows of the task. The funnel-like pattern (cf. Bootsma & van 
Wieringen, 1990) that emerged around 250 ms prior to contact appears to reflect the 
pick-up of reliable information that emerges in the final phase of the opponent’s action. 
Future work is needed to better understand how gaze control varies over time during a 
range of visual control tasks and such evidence is likely to have important implications 
for the future training of perceptual skill (for a recent review, see Dicks, van der Kamp, 




 In contrast to previous findings in deception research (e.g., Sebanz & Shiffrar, 
2009), and more specifically in the soccer penalty kick (Dicks et al., 2010a; Smeeton & 
Williams, 2012), goalkeepers in our study did not perform better during non-deception 
trials (see also Lopes et al., 2014). The null effect of deception was evident for both 6 m 
and 10 m penalty kicks, revealing that changes in spatiotemporal demands did not 
appear to directly contribute towards the effect that deception has on performance 
accuracy. However, given that goalkeepers moved later during 10 m kicks in 
comparison with 6 m, one may subsequently expect some evidence of prospective 
control during the 10 m trials as a consequence of regulating spatial anticipation based 
on penalty taker kinematics (Dicks et al., 2010a). Results were indicative of such 
suggestion as goalkeepers corrected their initial saving action more frequently during 10 
m deception with respect to both 6 m conditions. Moreover, given that ball speeds 
decreased during deceptive kicks in comparison with non-deception (Dicks et al., 
2010c), it is apparent that the deception led to biomechanical alterations in the penalty 
takers kick kinematics. A question for future work is to further understand the changes 
in movement kinematics that correspond with variations in projectile velocities during 
anticipation (Lopes et al., 2014).  
Future directions 
A further challenge for future work during interpersonal interactions is to better 
understand how gaze control is adapted to changes in the movement kinematics of the 
opposing person in a dyad, during the anticipation of deceptive and non-deceptive 
biological motions (for a video-based approach, see Alder, Ford, Causer & Williams, 
2014). The use of deception implies that the reliability of different kinematic locations 
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may change from one kick to the next due to movement variability. Thus, for one trial, 
one pattern of gaze may underpin success, and in the next instance, the exact same 
pattern of gaze will not lead to anticipation accuracy (Dicks, Button, Davids, Chow, & 
van der Kamp, 2016). Moreover, it must be acknowledged that the measurement of gaze 
behaviors, as a method of perception-action research, is not without limitations, as the 
point of gaze may not necessarily reflect the location of information pick-up. Hence, 
future studies are likely to benefit from the combined use of gaze and biomechanical 
analyses in order to capture real-time interpersonal behavior (e.g., Lopes et al., 2014). 
Together, technological advances offer the potential to systematically measure 
participants’ gaze and coordination patterns, in order to build a comprehensive picture 
of the processes underpinning the control of anticipation in spatiotemporal constrained 
tasks. Importantly, and in line with observations elsewhere (e.g., Laidlaw, Foulsham, 
Kuhn, & Kingstone, 2011), a key implication for the of perception and action processes 
is the need to capture instances of interpersonal interactions in real-time under naturally 
occurring spatiotemporal demands. 
In conclusion, with the more lenient spatiotemporal constraint (i.e., kick from 10 
m), the goalkeepers saved more kicks, initiated their actions later, and looked longer 
towards ball relative to the penalty takers’ body. Furthermore, analysis of gaze patterns 
showed that variations in information pick-up were related to the unfolding of the 
penalty taker’s action, revealing a funnel-like pattern toward the end of the action 
(Bootsma et al., 1990). To our knowledge, this study is the first to directly address how 
information pick-up during the scaling of actions is adapted to changes in conflicting 
environmental demands. The present study provides new understanding on the 
processes underpinning perception and action by suggesting more functions of 
information pick-up across time than previously reported. Moreover, the new method 
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presented for examining temporal variations on the pick-up of optical variables offers a 
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Table 1.  
Means (and Standards Deviation) of initiation times (ms) and ball flight (ms) in the four 
conditions 
 




Deception  Non-deception Deception 
Trunk onset  -133 (98) -133 (72)  198 (26) 213 (25) 
Arm onset  187 (13) 190 (11)  211 (13) 213 (14) 




Table 2.  
Percentage (and Standards Deviation) of viewing time per areas during the two phases 
for the four conditions 
 
 6 m  
10 m 
 Non-deception  Deception  Non-deception 
 
Deception 








9 (9)  
56 
(35) 
9 (7)  
25 
(25) 




Trunk 3 (4) 2 (2)  5 (7) 2 (3)  4 (5) 1 (1)  6 (7) 1 (2) 




6 (7)  
12 
(17) 
6 (7)  
19 
(24) 






3 (4) 5 (5)  2 (2) 4 (4)  2 (2) 2 (3)  1 (2) 1 (2) 
Kicking 
Leg 
0 (0) 4 (7)  0 (0) 6 (8)  0 (0) 1 (2)  0 (0) 2 (3) 
Non-K Leg 0 (0) 1 (2)  0 (0) 1(2)  0 (0) 2 (6)  0 (0) 1 (4) 
S Ball-
NKL 
0 (0) 9 (13)  0 (0) 9 (12)  0 (0) 
16 
(11) 























S Ball-GK 0 (0) 4 (1)  0 (0) 4 (3)  0 (0) 2 (3)  0 (0) 2 (2) 
Ball flight 0 (0) 2 (2)  0 (0) 3(3)  0 (0) 6 (2)  0 (0) 5 (2) 
Other 0 (1) 1 (1)  0 (0) 1(1)  0 (0) 1 (1)  0 (1) 1 (1) 
Body  78 28  79 28  57 16  57 16 
Ball 22 71  21 71  43 83  43 83 

















Figure 3. Performance measures in the four conditions: a) % of balls saved, b) % of 







Figure 4. Evolution of the ratio representing viewing time spent looking at the body 
(i.e., 1.0) relative to viewing time to the ball (0.0). Vertical dotted lines represent the 
average moment of penalty takers’ last placement of kicking leg and last placement of 
non-kicking leg. The vertical solid line represents the division of the full length of the 
trials into two equal phases.  
 
 
 
 
